CH12.LX, an Iak, Ly-1+, ,u+, 8+ murine B-cell clone, can be induced to differentiate by antigen (sheep erythrocytes, SRBCs) and signals mediated through its Ek, but not its Ak, molecules (1) . Although Ek specific T helper (Th) cells can serve this function, their soluble products are not necessary; binding of the Ek molecules of CH12.LX by anti-Ek monoclonal antibodies (mAbs) is sufficient to deliver the Ia-mediated signal (1) . These findings demonstrate that B-cell class II molecules, together with antigen, can effectively transmit differentiative signals to the B cell. Similar findings implicating class II molecules in signal transduction have been described by other laboratories (2) (3) (4) .
A major question raised by these data is which structural features of class II molecules are important to the function of signal transduction to B lymphocytes. Recently, we have demonstrated that the failure of the Ak molecules of CH12.LX to transmit differentiative signals is not due to coding sequence alterations in the genes encoding the Aa or Ap chain of Ak (5) . CH12.LX Ak molecules may be unique in their inability to transduce a differentiative signal. Alternatively, CH12 .LX may respond only to signals transduced through E, and not A, molecules. To distinguish between these possibilities, we transfected CH12.LX with DNA encoding A molecules of various haplotypes.
Cell lines expressing surface products of the transfected genes were isolated and could be induced by lipopolysaccharide to secrete SRBC-specific IgM. These cell lines responded similarly to CH12.LX to antigen-specific, Ek_ mediated differentiative signals. In addition, transfected cells were able to respond to antigen-specific, major histocompatibility complex 
MATERIALS AND METHODS
Cells. CH12.LX, an Iak, 1L+, 8+, Ly-1+ murine B-cell clone described previously (1) , was used in all experiments. CH12 .LX cells were maintained as described (1) Immunology: Bishop and Frelinger of brevity, we omit the prefix "CH12" in discussing the transfected lines. Cell-Surface Antigen Phenotyping of Transfectants. Cellsurface Ia molecules were detected on transfectants by using immunofluorescence with mAbs. All mAbs used in phenotyping and differentiation experiments in this study are described in Table 1 . Staining was performed as described (20) . Stained cells were analyzed on an EPICS V cell sorter (Coulter), using the 488-nm line from an argon-ion laser. The AXb transfectant ABB1 also tested positively for cell-surface Ab by microcytotoxicity, as described (21) , using the IgM anti-Apb mAb 28-16-8S (15) . All mAbs were prepared as hybridoma tissue culture supernatants in our laboratory. Specific immunoglobulin concentrations for each mAb were determined by using an isotype-specific ELISA, as described elsewhere (20) . Representative transfected ABB, ABD, and ABU cell lines were also tested, and found to be effective, as stimulators in a one-way mixed-lymphocyte reaction.
To determine the relative levels of expression of cellsurface products of endogenous and transfected genes, indi- Proc. Natl. Acad. Sci. USA 86 (1989) A" (34-5-3S and 28-16-8S). The decrease in pfc seen at higher concentrations of mAb is due to complement-mediated lysis of the CH12.LX B cells that occurs during the plaque assay. The data in Fig. lA (25) , the A" chains produced in ABB1 cells must pair with endogenous A"k chains to produce a cell-surface molecule that can be recognized by A13b-specific mAbs. Pairing of A" with Eak is possible, but previous studies (8, 26, 27) show that this is a rare event. In addition, immunoprecipitation and two-dimensional gel electrophoresis of the DISCUSSION Although B-cell class II molecules have been primarily studied as recognition structures for antigen presentation to T cells (30, 31) , evidence is accumulating that Ia antigens can also transmit differentiative signals to B cells (1) (2) (3) (4) . Earlier investigations in murine (2) and human (32) systems suggested that signals delivered via class II molecules can regulate B-cell activation. More recently, it has been shown that cells of the murine B-cell clone CH12.LX can be induced to differentiate to IgM secretion by signals delivered through their surface IgM and Ta molecules (1) . Previous studies demonstrated that CH12.LX cells differentiate in response to antigen plus the binding of Th cells or mAbs specific for their Ek, but not Ak, molecules (1) . If the structure of the Ak molecule is responsible for the failure of CH12.LX Ak to deliver differentiative signals, the introduction of A molecules with different sequences into CH12.LX should permit the transmission of A-specific signals. If, however, CH12.LX cells are only capable of responding to E-specific differentiative signals, introduced A molecules will be ineffective in signal transduction. To discriminate between these two possibilities, CH12.LX cells were transfected with genes encod- We note that the Ak molecule has been reported to send a signal for the translocation of protein kinase C from the cytoplasm to the nucleus (3). This study is not directly comparable to ours, since a heterogeneous population of splenic B cells was used, whereas we are studying a single B-cell clone. In addition, CH12.LX cells are Ly-l, and it is possible that Ly-1 B cells differ somewhat in their activation requirements from Ly-1-B cells. It should be noted that protein kinase C translocation measures a very early biochemical event, which has not yet been shown to be predictive for B-cell differentiation. In contrast, we are measuring immunoglobulin secretion, a terminal differentiation event with direct biological relevance. Findings from the two types of studies could be reconciled if the class II molecule could transmit two types of signal. One signal could result in protein kinase C translocation, but a second signal, dependent upon the protein sequences described here, might also be required for immunoglobulin secretion.
We transfected CH12.LX cells with the genes encoding either APd or APu molecules, which share the APk transmembrane/cytoplasmic protein sequence. We found that neither And nor Au was able to transduce detectable differentiative signals to CH12.LX (Table 2) . Analysis of the entire protein sequences of these four molecules identifies four amino acids that differ between APb and the other haplotypes. Thus, the sequence at any or all of these residues could affect the efficiency of these A molecules as signal transducers. At position 47, the tyrosine residue of the k, d, and u haplotypes is replaced by histidine in the b haplotype. This exchanges an easily phosphorylated amino acid with an aromatic side chain (tyrosine) for a residue (histidine) with neither of these structural features. At position 197, k, d, and u have an arginine, the most hydrophilic of the amino acids.
In contrast, the b haplotype has the highly hydrophobic amino acid tryptophan. Site-directed mutagenesis may be used to directly examine the effect of various amino acid substitutions at these positions.
Other features of protein sequence may affect the ability of a class II molecule to serve as a B-cell signal receptor. It is possible that the combination of a certain a and f3 chain affects the efficiency of the complete class II molecule to serve as a signal transducer. Such an effect could operate separately from combinatorial effects on levels of class II surface expression (22) . Thus, although AP d and A u chains cannot signal well when paired with Aak, it is possible that these p chains could serve this function if paired with an a chain other than Aak.
The immunofluorescent staining of AakAPd and AakA~U molecules on the ABD and ABU cell lines was, on the average, lower than staining ofAakAb, AabAk, or AabAb on the ABB, AAB, and AB cell lines, as described in Materials and Methods. Although this indicates fewer hybrid class II molecules on the surface of ABD and ABU cells, we do not The role of class II as a B-cell signal transducer has been recently confirmed in normal murine splenic B cells, where it was found that anti-Ia antibodies induce elevated cAMP levels and the translocation of protein kinase C from the cell nucleus to the cytoplasm (3). The role of B-cell Ta molecules as signal transmitters to the B cell must be investigated in detail, using CH12.LX cells as a clonal model. The successful transfection of CH12.LX cells with genes encoding class TI molecules of various haplotypes allows the use of this B-cell clone as a model system in which to study the role of Ta as a B-cell signal transducer. Introduced class II genes can be genetically manipulated to produce alterations in the structure of the class II molecule. This approach should permit a detailed analysis of the structural features of Ta that are important in determining its role as a transmitter of differentiative signals to the B cell.
